INTRODUCTION
In recent years increasing concern has been expressed for this near-total reliance on indices based on physicochemical parameters, to the neglect of biological parameters.
There are two reasons for this concern.
First, any interpretation of water quality by physicochemical parameters is restricted to the parameters actually measured. For example we may find a water sample with its pH, salinity, hardness, BOD, chemical oxygen demand (COD) and so on, all within limits for drinking. But that water may contain harmful levels of some heavy metal, or some pesticide or even radioactivity! There are so many natural and anthropogenic chemicals that can be present in a water that it is practically impossible to analyse each and every one of the chemicals. The great ability of water to dissolve other chemicals -hence the term 'universal solvent' -adds to the difficulty in analysing any water sample to its full extent. On the other hand aquatic organisms, especially the community structure of organisms such as plankton, macroinvertebrates, fishes and benthos, fairly reflect not only the current water quality but also the overall ecosystem health of a water body (Figure 1 ). It can even give an indication of the direction from which the ecosystem health has come to the point of analysis and where it is likely to go. Moreover, the state of a water body also reflects the state of the environment around it (Figure 2 ).
This enhances the value of bioassessment even more. In other words, the community structure of the organisms In 1981 the first multimetric index -the Index of Biotic Integrity (IBI) -was introduced, also in the USA. The subsequent years have seen a slowly increasing reliance on biotic indices as a water quality management tool, especially in the developed countries. However, use of biotic indices is yet to catch on in developing countries. India is perhaps the most technologically advanced of the developing countries but there is little advancement here in this field and there is no accredited biotic index for water quality assessment.
The importance of even a single species in reflecting the water quality of a water source can be understood from the example of aquatic weeds (Gajalakshmi et al. , ; Gajalakshmi & Abbasi ) . If a pond or a lake is infested with weeds such as Ipomoea or water hyacinth, we can, with just one glance, say with certainty that the pond or the lake does not have clean water. If a lentic habitat is heavily choked with aquatic weeds we can also say, without any further experimentation, that it will be full of the larvae and pupae of mosquitoes and other insects, will have few edible fish, will have high BOD and COD, and so on.
Not all bioindicators are as obvious as aquatic weeds.
Also not all water bodies are so grossly polluted that they are choked with aquatic weeds. But, as explained in the pre- 
STRESSOR-BASED AND RESPONSE-BASED MONITORING APPROACHES
When the physicochemical quality of a watercourse is measured, it basically represents an attempt to see whether the water is clean or whether it carries one or more pollutant.
In other words the monitoring of the water is done for possible 'stressors'. One may also be looking for biological stressors such as BOD or pathogens, but the known stressors are predominantly physical and chemical. The physicochemical indices are, therefore, stressor-oriented, a stressor being defined as any physical or chemical entity or process that can induce adverse effects on individuals, populations, communities or ecosystems (Thornton et al. ) .
The stressor-oriented approach attempts, through stressorspecific quality criteria, to link stressors to possible biological responses. This predictive ability is, however, only possible where a known cause-effect relationship exists between a specific stressor and the biological component. But such cause-effect relationships, for a specific suite of conditions, can at best be explored with laboratory bioassays under controlled conditions, and may be far from applicable in real-life situations (Roux et al. a) . In the stressor-oriented approach the management focus is on the setting and use of rules for controlling the levels or concentrations of specific stressors, and this approach has a regulatory nature.
The other approach for environmental monitoring is 'response based', wherein the strategy is to assess the environmental health on the basis of the status of the responding organisms. It involves the monitoring of biological or ecological indicators in order to characterize the response of the environment to a disturbance. In turn 'disturbance' can be defined as any relatively discrete event in time that disrupts ecosystem, community or population structure and that changes the quality of natural resources, availability of substrata or the physical environment. The focus of response monitoring is on the effects resulting from the disturbance. It follows that the response-oriented approach indicates that something has or has not actually gone wrong in response to a stressor.
The collection and use of ecological data in the response-oriented approach is based on an ecosystem management and protection philosophy, in which the focus is on the status and behaviour of the environmental system being monitored and the status of that resource. Environmental response monitoring allows the measurement of how well an ecosystem is functioning, given the degree of perturbation to which it is subject.
From the comparison given in Table 1 it is clear that, for stressor and effects monitoring, the two underlying philosophies and the resulting assessments differ fundamentally. Both approaches have obvious uses and specific benefits in water quality management. The current thrust is towards operationally integrating the two approaches so that the resulting methodology incorporates the benefits of both.
An offshoot of the stressor-based monitoring approach is the concept of carrying capacity or assimilative capacity that gained wide currency during the 1990s. The concept was formulated around the use of the freshwater and marine environments for the disposal of mainly organic wastes and associated effluents. In this context, Cairns () proposed that the assimilative capacity may be defined as the ability of an ecosystem to cope with certain concentrations of (organic) waste discharges, without suffering any significant deleterious biological effects. Also, the utilization of assimilative capacity must ensure a reference minimum flow condition that will minimize risk.
Since cause-and-effect relationships in aquatic ecosystems are not well understood, it is not possible to accurately predict the degree of change that will result from a pollution input, especially when only chemical and physical constituents are being measured. Whereas it is possible to predict the assimilation of conservative constituents such as BOD with a fair degree of reliability, that of persistent and toxic substances is fraught with a large degree of uncertainty.
The uncertainty is even greater where chemical interaction of multiple stressors, for example in a complex effluent, occurs. Therefore, the stressor-oriented monitoring and One of the most critical issues in any bioassessment is the identification of reference ('control') sites and reference conditions. Such sites should be truly reflective of natural, unpolluted conditions and thus serve as reference or 'control' sites with which the test sites can be compared to know whether a certain impact causes an aquatic assemblage or ecosystem to respond in some way that is outside the natural range of variation (Roux et al. b) . In other words the ultimate objective of any bioassessment programme is to facilitate the detection of disturbance at a site, as reflected by one or more components of the biota. It is at best an illustrative, region-specific assessment, yet it does reveal that the cost of biotic index-based water quality assessments is the least of the three options. It must be emphasized, however, that water for physicochemical parameters can be sampled and analysed more quickly than the conducting of biological sampling and identification.
In addition, instrument-based continuous monitoring of physicochemical quality is possible with real-time transmission of data. Physicochemical quality can also be assessed, to some extent, by remote sensing. All these advantages are not available with bioassessment of aquatic organisms. Moreover, only physicochemical analysis can identify specific pollutants that may be stressing the biota of a water body. 
ORGANISMS COMMONLY USED IN BIOASSESSMENT

BIOTIC INDICES BASED ON MACROINVERTEBRATES
There are several advantages in using benthic macroinverte- (unpolluted), is more reliable than the original CBS system at discriminating between polluted and unpolluted sites (Washington ) and has been found to be a relatively robust indicator of water quality.
Chutter's Biotic Index (CBI), 1972
This system, which is loosely based on the TBI ( 
Belgian Biotic Index (BBI), 1983
The Belgian Biotic Index ( 
).
Macroinvertebrate Community Index (MCI), 1985
The Macroinvertebrate Community Index (MCI) (Stark Instead, for each habitat type, 100 invertebrates in total are collected with no more than 10 specimens per taxon.
Specimens are preserved and taken back to the laboratory for identification to family level. Sensitivity grades ('SIGNAL 1 grades') ranging from 1 (pollution tolerant) to 10 (pollution sensitive) were initially assigned to widespread families of macroinvertebrates in river systems of southeastern Australia (Chessman ). Modified 'SIGNAL 2 grades' were subsequently derived for macroinvertebrate families occurring across Australia (Chessman ).
Danish Stream Fauna Index (DSFI), 1998
The Danish A rapid reckoner of the attributes and modus operandi of these indices is presented in Table 3 . 
BIOTIC INDICES AS INDICATORS OF WATER SAFETY AND HUMAN HEALTH RISKS
LIMITATIONS OF BIOTIC INDICES
Despite their proven utility in rapid bioassessments, biotic indices must be carefully interpreted using supplementary data and their significant limitations must always be borne in mind. These include the restricted applicability to a particular geographic area and/or type of stressor ( Classification System). Neither is simpler or faster than any BI but both are arguably more comprehensive.
